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INTERFERENCE
IN

WING AND FUSELAGE FROM TESTS OF 28 COMBINATIONS
THE N. A. C. A. VARIABLE-DENSITY TUNNEL

By ALBERT SmRw

suMMARY

Teds oj 28 win.g~uduge comhhtiom were made in
the variable-dendy wind tunmel m a part of the uing-
fusefuge inteq%renceprogram being conductedt?wreinand
in adiiiiion to the 309 combin.uiti previ5u81yreported in
N. A. C. A. Report No. 6@. These ttxti practically
complete the study of combinations with a rectangukw
fuselage and continue the study of combinaiti with a
roundjuselage and a tapered wing.

INTRODUCTION

An extensive wing-fuselage interference investigation
has been undertaken in the N. A. C. A. variable+ilensity
wind tunnel as the second phase of a general program
designed to cover the problem of interference. A
discussion of this program is included in reference 1,
which presents the basic part of the wing-fuselage inter-
ference investigation and contains test results for 209
combinations.

The present paper is a continuation of reference 1
and presents the results for some 28 additional wing-
fuselage combinations that were imlioated by the
program outlined therein. The present tests prac-
tically conclude the study of combinations with a rec-
tangular fuselage and continue the study of combina-
tions with a round fuselage and a tapered wing.
I’uture reports will cover further phases of the wing-
fuselage interference investigation.

MODELS AND TESTS

The models employed for the combinations tested
herein were those used in reference 1; they are the
N. A. C. A. 0012 and the N. A. C. A. 4412 rectangular
wings, the tapered N. A. C. A. 0018-09 wing, the
round- and rectangukm+ection fuselages, the 9-cylinder
radial engine, and the engine cowling. Fillets were
carefuUy made up of plaster of paris as required.

The tests were of connected combinations only, 28
in all (see table V and figs. 8 to 11), and covered the
effect of vertical displacement of the airfoil from the
fuselage axis, k/c (see reference 1), the effect of flets
on various wings in combinations with the rectanguhw
fuselage, and the effect of iillets and of a cowled engine
on round-fuselage, tapered-fig combinations for vari-
ous vertical wing positions. The wings were set in
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combination at only one longitudinal location, d/c=O.
and at zero incidence, im=O. (See figs. 1 to 7.) It
should perhaps be mentioned here that the N. A. C. A.
4412 airfoil, bemuse of its negative angle of zero lift,
might be considered as having been at a positive angle
of incidence, relative to the symmetrical airfoils.

The tests were run in the variable-density wind
tunnel (reference 2) at a test Reydolds Number of
approximately 3,100,000. k addition, values of maxi-
bmm lift were obtained at a test Reynolds Number of
approximately 1,400,000. The testing procedure and
teat precision, which are very muoh the same as for
an airfoil, are fuUy described in reference 1. Since
the tests of reference 1 were made, however, a smaU
additional correction of less than —1 peroent has been
applied tc the measurement of the dynamic prcs-sureq
as standard procedure to improve the precision of the
results.

RESULTS

The test data are presented in the same manner as
those of reference 1, in which the methods of analysis
ind presentation of the results are fully discussed.

Tables I and II present the chamcteristios of the
wing and fuselage models separately (reference 1).
Table III (continued hm reference 1) preseniw the
interference of the 28 wing-fuselage combinations.
Table IV of reference 1 is not continued herein as no
~dditional tests of disconnected combinations were
made. Table V (continued horn reference 1) pre-
gents the aerodynamic characteristics, combination
ascriptions, and profile diagrams of the combinations.
Ii the present report, however, new values of the
affective Reynolds Numbem at CL~G are given as a
result of a new determination of the turbulence factor
For the tunnel. The present turbulence factor for
the variabl~density tunnel is taken as 2.64, whereas a
value of 2.4 was used in reference 1. The combina-
tions in this report can be compared, however, with
time in reference 1 on the basis of the test Reyd’olds
Numbers, which remain the same.

Figures 1 to 7 show the polar charactaistics of the
interesting combinations investigated together with
those of some combinations taken from referance 1
for comparison.
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DISCUSSION

Combinations with rectangukr-seotion fuselage.–

It was shown in reference 1 that the reotamgdm
section fuselage bad a higher minimum drag than th(
round-section fuselage and that its drag, moreover
increased much more rapidly with angle of attack
(table II). It was also shown, however, that when ir
combination with a wing the rectangular fuselag[
produced only a slightly greater drag increase w-M
amgle of attack than did the round fuselage, so thai
in its case the drag interference was generally more
favorable. (See tables II and III.)

Low-wing combinations with the rectanguk fuselag~
had generaUy better wing-root junctures them corre
spending unlilleted combinations with the round fusb.
la.ge; there was less tendency to an early breakdom
of the flow (see fig. 1), which is lmown as an “inter-
ference burble” (reference 1). Where an interferenw
burble does occur for a combination with the round
fuselage, substitution of the rectangular fuselage mighi
result in a later-burbling combination having a drag
almost as low as with the round fuselage and some
timm even lower (fig. 1).

Siiar low-wing combinations with either fuselage
showed approximately the same maximum lifts, bul
for midwing combinations with a rectmgukw w-@
the rectangular fuselage gave higher valuw.

Figure 2 shows the effect of the wing vertical position
for the rectanguhw N. A. C. A. 0012 airfoil with the
rectangular fuselage. As might be expected, there was
little difference for mmbinations having the wing sec-
tion wholly within the fuselage (tables III and V). The
connected low-wing combination that exposed the
leading edge of the wing exhibited an early flow break-
down but, surprisingly, no higher minimum drag than
the others. The disconnected combination, in which
no portion of the wing was shielded by the fuselage, had
both a higher drag and higher maximum lift.

The rectargkw fuselage had somewhat different
interference when combined with differently shaped
wings (table III). & previously shown in reference 1,
the rectangular s~etrical N. A. C. A. 0012j the
tapered symunetriwd N. A. C. A. 0018-09, and the
rectanbdm cambered N. A. C. A. 4412 wings were
sensitive to the interference burble in the order named.
This eilect is very well demonstrated in figure 3, in
which the three wings, combined in the only vertical
position investigated that showed huge interference,
are compared. (See fig. 2.)

Fillets on rectangular-fuselage combinations had only
a very small effect for the combinations investigated
(tabl~ III and V). Such a rwnlt was to be expected
from the discussion in reference 1, which stated that
f311e@had only a small eflect on combinations that were
slready fairly satisfactory.

Combinations with the round fuselage and tapered
wing.-llgures 4, 5, and 6 present the polar character-
istics of the tapered N. A. C. A. 0018-09 wing combined

with the round fuselage in various vertical positions
both with and without fillets. The low-wing, unfdleted
combinations exhibited characteristic interference
burbles occurring progressively earlier as the wing was
moved downward. Fillets eliminated this condition
but the increase in minimum drag, w the wing departs
from the midwing position, that operated for the un-
filleted combinations, held for the filleted combinations
(table V). In the midwing and high-wing positions,
fillets had very little tiect except where an early inter-
ference burble at negative lifti produced an increase in
the minimum drag. For such a combination, fillets .
served to reduce the minimum drag by eliminating
the causative burble (iig. 4). Maximum lifts, aa in
most other combinations, were higher for the high-
wing themfor the low-wing positiona whether or not the
* junctions were filleted.

The effect of a cowled engine at the nose of n tapered-
wing combination is compared in figure 7 with a similar
combination with a rectangular symmetrical wing. In
the low-lift range, before the interference burble for
the recta.ngdar wing occurred, the effect for both wing
shapes was practically identical. The tendency of m
cowling taward suppressing the interference burble was
evidently effective, and the polar curves for both
cc~led+mgine combinations are virtually the same.

If the “speed-range index,” the ratio of the maximum
lift to a high-speed drag (see referance 1), be used w a
criterion for comparing the combinations investigated
in this report, the rectangular fuselage combined with
the rectangular N. A. C. A. 4412 airfoil in a cormectad
high-wing position would appear surprisingly good,
inasmuch as it has o~e of the highest indexes of the
combinations without high-lift devices investigated
thus far. This combination does not have an excep-
tionally low drag coefficient, but the maximum lift
ccdicient is unusually high. If consideration be given,
however, to the employment of various high-lift de-
vices, the relative merit of the combinations may be
shanged and the minimum drag coefficient be shown
to have much greater weight. Other favorable com-
binations in this report are the high-wing, rectangular-
Fuselage,tapered-wing combination and the midwing
ml semihigh-wing, round-fuselage, tapered-wing com-
ination9 v@h Mets.

LANGLEY MD~ORLW AERONAmCAL LABORATORY;

NATIONAL ADVISORY Commrmim FOR AEJItONAUTIOSj

LANGLEY FIELD, VA., March 12, 1936.
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TABLE V.—PRINCIPAII AERODYNAMIC CHARACTERISTICS OF WING-FUSELAGE COMBINATIONS
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TABLE V.—PRINCIPAL AERODYNAMIC CHARACTERISTIC+3 OF WINGFUSELAGE COMBINATIONS-Continued
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